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Abstrac t 

The recent availability of large on-line parsed corpora 
makes i t  possibl e t o tes t  theorie s o f  psycholinguisti c 
complexit y b y comparin g th e frequenc y distribution s o f 
closel y relate d constructions .  I n thi s paper ,  w e us e thi s 
techniqu e t o tes t  th e psycholinguisti c theor y propose d 
by Gibso n e t  al .  (1993) ,  whic h include s tw o indepen -
dentl y motivate d attachmen t  principles :  Recenc y Pref -
erenc e an d Predicat e Proximity .  I n orde r  t o tes t  thi s 
theory ,  w e examine d tw o genera l  classe s o f  attachmen t 
ambiguitie s fro m th e parse d Wal l  Stree t  Journa l  corpu s 
fro m th e Pen n Treebank :  1 )  ambiguitie s whic h involv e 
thre e prospectiv e nou n phras e attachmen t  sites ;  an d 2 ) 
ambiguitie s whic h involv e thre e prospectiv e ver b phras e 
attachmen t  sites .  Give n thre e prospectiv e nou n phras e 
(NP )  site s i n English ,  th e theor y mos t  naturall y  pre -
dict s a  complexit y orderin g o f  NP 3 (easiest ,  mos t  re -
cent) ,  NPi ,  NP2 ,  bu t  a  rankin g o f  VP3 ,  VP2 ,  VP i  fo r 
ver b phras e attachments .  Ou r  corpu s analyse s suppor t 
bot h o f  thes e predictions . 

I n t r o d u c t i o n 

In order to test theories of psycholinguistic complexity, 
unti l  recentl y i t  ha s bee n necessar y t o perfor m behaviora l 
experiments ,  i n whic h difficult y measurement s (e.̂ .  read -
in g times )  o n systematicall y varie d experimenta l  condi -
tion s ca n b e compared .  Wi t h th e adven t  o f  larg e on-lin e 
parse d corpora ,  w e no w hav e a n additiona l  sourc e o f  dat a 
fo r  testin g psycholinguisti c complexit y theories .  I n par -
ticular ,  i f  w e assum e tha t  th e h u m a n sentenc e productio n 
mechanis m generall y prefer s t o minimiz e it s burde n b y 
generatin g construction s tha t  ar e les s complex ,  the n th e 
frequenc y o f  a  constructio n provide s a n indirec t  (par -
tial )  measuremen t  o f  it s productio n complexity .  Tha t 
is ,  i f  factor s suc h a s th e functio n o f  a  constructio n ca n 
be controlle d for ,  an d a  suflRcien t  quantit y o f  targe t  an d 
contro l  item s ca n b e observed ,  the n th e frequenc y o f  a 
constructio n shoul d b e a n inde x o f  it s  productio n com -
plexit y (Gibso n &  Pearlmutter ,  1994). ^ 

*I t  i s  importan t  t o not e tha t  unles s th e construction s be -
in g compare d ar e functionall y equivalent ,  th e frequenc y com -
pariso n wil l  no t  b e a n indicatio n o f  complexity .  Fo r  example , 
althoug h th e declarativ e an d interrogativ e for m o f  a n un -
derlyin g syntacti c structur e ar e closel y relate d syntactically , 
the y ar e functionall y ver y different ,  an d on e woul d therefor e 
be unsurprise d a t  larg e frequenc y difference s betwee n th e tw o 
type s o f  construction . 

Furthermore ,  i t  i s  natura l  t o assum e tha t  ther e i s 
some overla p betwee n th e productio n an d comprehen -
sio n complexit y metric s use d b y th e h u m a n linguisti c 
processor(s) ,  and ,  regardles s o f  overla p betwee n th e pro -
ductio n an d comprehensio n systems ,  mos t  o f  th e tex t 
currentl y availabl e i n on-lin e corpor a ha s bee n edite d a t 
some stag e t o m a k e i t  mor e understandabl e (e.g .  news -
pape r  stories ,  etc.) .  Thu s w e hav e goo d reaso n t o expec t 
tha t  corpu s frequencie s shoul d reflec t  h u m a n sentenc e 
comprehensio n complexity . 

O ne instanc e wher e suc h a  frequenc y compariso n 
seems reasonabl e i s i n th e are a o f  ambiguou s constituen t 
attachment ,  e.g .  prepositiona l  phrase s (PPs) .  I f  a  par -
ticula r  structur e contain s tw o prospectiv e attachmen t 
sites ,  an d attachmen t  t o on e o f  thes e site s i s significantl y 
mor e frequen t  tha t  t o th e other ,  the n th e first  resolutio n 
i s probabl y les s comple x tha n th e second .  (Not e tha t 
ther e i s n o plausibl e functiona l  differenc e betwee n thes e 
tw o differen t  attachments. ) 

Gibso n &  Pearlmutte r  (1994 )  applie d thi s techniqu e 
t o ambiguitie s involvin g P P attachment ,  i n orde r  t o tes t 
th e syntacti c complexit y theor y o f  Gibso n e t  al .  (1993) , 
w ho provide d evidenc e i n favo r  o f  tw o parsin g princi -
ples :  Recenc y Preferenc e (Gibson ,  1991 ;  cf .  Righ t  Asso -
ciation ,  Kimball ,  1973 ;  an d Lat e Closure ,  Frazier ,  1978 ; 
1987 )  an d Predicat e Proximit y (cf .  Milsark ,  1983 ;  A b -
ney ,  1989 ;  Frazier ,  1990 ;  Gibson ,  1991) .  Recenc y Pref -
erenc e prefer s attachment s t o structure s associate d wit h 
mor e recen t  word s i n th e input .  Predicat e Proximity ,  o n 
th e othe r  hand ,  prefer s attachment s t o b e structurall y a s 
clos e a s possibl e t o th e hea d o f  a  predicat e phrase ,  whic h 
i s assume d t o b e a  componen t  o f  th e structur e associate d 
wit h a  mai n (non-auxiliary )  ver b (se e Bowers ,  1993 ,  an d 
th e reference s there) .  I n ambiguou s attachment s o f  a 
post-hea d modifier ,  suc h a s a  P P ,  t o th e subjec t  nou n 
phrase ,  thes e tw o principle s wor k agains t  eac h other : 

(1 )  [ s  [np ,  .. .  N i  [pp ,  Prep i  ^ p ,  .. .  N 2 ]] ]  P P 2 

I n (1) ,  Recenc y Preferenc e favor s attachmen t  o f  P P 2 
t o th e lowes t  (mos t  recent )  site ,  N P j .  I n contrast ,  Pred -
icat e Proximit y favor s attachmen t  o f  P P 2 t o th e high -
est  site ,  N P i ,  becaus e N P i  i s structurall y closes t  t o th e 
predicat e o f  th e sentence ,  whethe r  N P i  i s  th e subjec t 
of  th e ver b (a s i n (1) )  o r  whethe r  i t  i s  th e objec t  o f  a 
precedin g verb. ^  W h e n factor s suc h a s lexica l  prefer -

Î n orde r  fo r  Predicat e Proximit y t o appl y i n case s wher e 
th e predicat e ha s no t  ye t  bee n encountere d i n th e inpu t  strin g 
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ence s (For d e i  al .  1982 )  an d argumenthoo d ar e e(iiiiva -
len t  betwee n th e tw o prospectiv e N P attachmen t  sites , 
attachmen t  t o th e mos t  recen t  sit e i s slightl y preferre d i n 
Englis h (Cueto s &  Mitchell ,  1988 ;  Gibso n r t  ai ,  1993) . 
Hence ,  Recenc y Preferenc e i s assume d t o b e weighte d 
mor e strongl y tha n Predicat e Proximit y i n English . 

Thi s theor y als o make s interestin g prediction s wit h 
respec t  t o structure s involvin g tlire e prospectiv e N P at -
tachmen t  sites : 

(2 )  [ s [np ,  •• •  N i  [pp ,  Prep i  [np ^  .. .  N ^  [pp. ,  Prep a [tvp , 
-  N 3 ]]]] ]  P P 3 

I n ambiguitie s suc h a s these ,  th e Recency/Predicat e 
Proximit y theor y predict s tha t  attachmen t  t o th e mos t 
recen t  sit e N P 3 wil l  b e th e leas t  comple x (an d henc e 
most  frequent) ,  followe d b y a n undetermine d orde r  o f 
N Pi  an d NP2. ^  Gibso n c f  al .  (1993 )  provide d behaviora l 
evidenc e consisten t  wit h thi s predictio n i n example s lik e 
(2) ,  i n whic h th e attachin g phras e wa s a  relativ e clause : 

(3 )  a .  N P i  attachment :  [̂ p ^  th e compute r  nea r  [np ^ 
th e model s o f  [nP s th e building s tha t  wa s de -
stroye d i n th e fir e 

b.  N P 2 attachment :  [np ^  th e computer s nea r  [np ^ 
th e mode l  o f  [nP s th e building s tha t  wa s destroye d 
i n th e fir e 

c.  N P 3 attachment :  [fjp ^  th e computer s nea r  [np ^ 
th e model s o f  [np ,  th e buildin g tha t  wa s destroye d 
i n th e fir e 

Becaus e o f  numbe r  agreement ,  th e relativ e claus e Iha t 
was destroye d i n th e fire  ca n onl y attac h t o on e o f  th e 
precedin g thre e N P sites .  Gibso n e t  al .  foun d tha t  at -
tachmen t  t o N P 3 wa s easies t  an d attachmen t  t o NP i  wa s 
next ,  wit h attachmen t  t o N P o muc h th e mos t  difficult . 
Thi s evidence ,  togethe r  wit h simila r  evidenc e fro m th e 
processin g o f  Spanis h an d intuitiv e evidenc e i n V P at -
tachmen t  preference s i n bot h Englis h an d Spanis h (se e 
Gibso n e t  ai ,  1993) ,  support s th e Recency/Predicat e 
Proximit y theory .  Gibso n e t  al.' s  dat a als o constraine d 
th e Recency/Predicat e Proximit y theor y suc h tha t  th e 
orde r  N P i ,  N P 2 i s expected .  N o othe r  account s o f  thes e 
dat a hav e ye t  bee n proposed ,  bu t  i t  i s  worthwhil e t o 
not e tha t  pre-existin g theorie s o f  complexit y ar e inade -
quate .  Mos t  theorie s fro m bot h th e computationa l  an d 
psycholinguisti c literatur e includ e a  preferenc e fo r  recen t 
attachments ,  a s wel l  a s a n allowanc e fo r  lexica l  prefer -
ence s an d argumen t  attachment s t o outweig h recenc y 

(a s i n (1)) ,  i t  mus t  b e th e ca.s e tha t  th e parsin g algorith m 
predict s a  predicat e phras e ( S etc. )  i n advance ,  e.g. ,  a t  th e 
poin t  whe n th e initia l  N P i s input .  W e ar e therefor e a-s -
sumin g a  partiall y  top-down ,  predictiv e parsin g algorithm , 
followin g Kimbal l  (1973 ,  1975 )  an d Frazie r  fc  Fodo r  (1978 ) 
among man y others ,  wh o a.ssum e a  predictiv e parsin g algo -
rith m fo r  independen t  complexit y reasons .  Se e Gibso n (1991 ) 
fo r  a  predictiv e parsin g algorith m tha t  i s  compatibl e wit h th e 
assumption s unde r  consideratio n here . 

'N o predictio n i s mad e abou t  th e relativ e complexit y o f 
attachment s t o NP i  an d NP 2 because ,  whil e attachmen t  t o 
NPi  ha s Predicat e Proximit y i n it s favor ,  i t  ha s Recenc y 
agains t  it .  Similarly ,  attachmen t  t o NP 2 ha- s Predicat e Prox -
imit y workin g agains t  it ,  bu t  i t  i s  a  mor e recen t  attachmen t 
site . 

(se e e.g .  Frazier ,  1987 ;  Hobb s k  Bear ,  1990 ;  Pritch -
ett ,  1988 ;  Schubert ,  1984 ;  Taraba n &  McClelland ,  1988 ; 
Whittemor e e t  ai ,  1990 ;  Wilk s e i  ai ,  1985 ;  Woods , 
1973) .  However ,  non e o f  thes e theorie s allow s fo r  th e 
possibilit y  tha t  a  les s recen t  attachmen t  (t o NP i )  wil l 
be favore d ove r  a  mor e recen t  attachmen t  (t o NP2 )  i f 
lexica l  an d argumen t  preference s ar e factore d out. ^ 

Usin g th e corpu s analysi s methodolog y describe d 
above ,  Gibso n &  Pearlmutte r  (1994 )  observe d th e sam e 
complexit y rankin g a s i n th e behaviora l  studies ,  i n a n 
analysi s o f  construction s o f  th e for m i n (2 )  (i.e .  PP , 
not  relativ e clause ,  attachment )  fro m th e one-million -
wor d Brow n corpu s (Kucer a &  Francis ,  1967) .  Tabl e 1 
list s th e resvdt s fo r  th e 10 5 example s i n whic h 1 )  lexica l 
preference s di d no t  pla y a  role ;  an d 2 )  attachmen t  wa s 
unambiguousl y t o on e o f  N P i ,  N P j ,  o r  N P 3 . 

Table 1: Unambiguous PP3 modifier attachments. 
Brow n corpu s (Gibso n fc  Pearlmutter ,  1994) . 

A t t a c h m e n t  Sit e 

N Pi 
N P2 
N P3 

N u m b er  o f  Token s 
(Percentage ) 

Total s 

27 (26% ) 
10 (10% ) 
68 (65% ) 

105 (100% ) 

X'  test s sho w tha t  th e frequencie s o f  th e attachment s 
t o eac h o f  th e thre e site s ar e significantl y different ,  re -
sultin g i n th e predicte d complexit y rankin g o f  NP3 ,  NP i , 
N P 2. 

I n thi s paper ,  w e provid e furthe r  corpus-analysi s test s 
of  thi s psycholinguisti c complexit y theory .  Thes e test s 
wer e performe d o n a  secon d corpus ,  th e Pen n Treeban k 
Wal l  Stree t  Journa l  corpus  consistin g o f  roughl y on e mil -
lio n word s o f  parse d text .  Becaus e thi s corpu s i s full y 
parse d — no t  jus t  tagge d wit h par t  o f  speec h informa -
tio n a s wa s th e Brow n corpu s tha t  Gibso n &  Pearlmutte r 
use d — i t  i s  muc h mor e appropriat e fo r  th e tas k a t  hand . 
Thus ,  althoug h muc h wor k stil l  mus t  b e don e b y han d 
t o filter  ou t  attachment s tha t  ar e no t  directl y relevant , 
thi s hand-parsin g i s fa r  les s tha n th e hand-parsin g tha t 
i s require d whe n usin g a  tagge d corpus . 

First ,  w e analyze d pattern s whic h matc h th e for m i n 
(2) ,  thu s attemptin g t o replicat e Gibso n k ,  Pearlmutter' s 
findings  i n th e ne w corpus .  Second ,  w e examine d pat -
tern s closel y relate d t o (2) ,  i n whic h a  claus e (labele d 
S B AR o r  S B A R Q i n th e Pen n Treebank )  i s th e attach -
in g ite m rathe r  tha n a  prepositiona l  phrase .  Motivatio n 
fo r  thi s tes t  i s  provide d b y th e fac t  tha t  Gibso n e t  o/.' s 

*One potentia l  accoun t  o f  th e dat a i s provide d b y th e lin -
guisti c tunin g framewor k o f  Cueto s fe  Mitchel l  (1988 )  an d 
Mitchel l  fe  Cueto s (1991) .  Unde r  thi s framework ,  parsin g 
preference s i n andMguou s construction s ar e tune d b y imitat -
in g tii e resolutio n pattern s o f  simila r  ambiguitie s observe d i n 
th e input .  Thi s hypothesi s i s compatibl e wit h th e preference s 
observe d b y Gibso n e t  al .  (1993) ,  becau.s e les s frequen t  pat -
tern s ar e mor e complex ,  a s predicted .  However ,  n o particula r 
versio n o f  th e tunin g framewor k ha s bee n specifie d i n an y de -
tail ,  .s o i t  i s  difficul t  t o tes t  i t  empiricall y yet .  Se e Gibso n e t 
al .  (1993 )  fo r  furthe r  comment s o n th e tunin g framework . 
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behaviora l  experiment s involve d th e attachmen t  o f  a  rel -
ativ e clause ,  no t  a  prepositiona l  phrase ,  s o tha t  Gibso n 
& Pearlmutter' s earlie r  corpus-analysi s test s ar e actuall y 
onl y indirec t  test s o f  th e relationshi p betwee n frctiuen -
cie s an d complexity ,  relyin g o n th e assumptio n tha t  al l 
modifie r  attachment s {e.g. ,  a t  lejis t  PP s an d SBARs ) 
behav e i n th e sam e way .  Th e analysi s o f  claus e attach -
ment s i n pattern s lik e (2 )  provide s a  direc t  tes t  o f  th e 
origina l  hypothesis ,  togethe r  writ h a n indirec t  tes t  o f  thi s 
assumption . 

Thir d an d mos t  interestingly ,  w e examin e ho w th e 
preference s diffe r  whe n th e prospectiv e attachmen t  site s 
ar e VP s rathe r  tha n NPs .  Th e Recency/Predicat e 
Proximit y theor y predict s a  differen t  preferenc e order -
in g amon g thre e V P site s fro m tha t  whic h i s predicte d 
among thre e N P sites .  I n particular ,  thi s theor y pre -
dict s a  preferenc e orderin g fro m mos t  t o leas t  recen t  fo r 
VP sites :  VP3 ,  VP2 ,  VPi .  Thi s predictio n i s mad e be -
cause ,  unlik e th e cas e wit h N P sites .  Predicat e Proxim -
it y prefer s al l  thre e V P attachmen t  site s equally :  Al l  ar e 
equall y clos e t o a  predicat e phras e {i.e .  attachmen t  i s 
as clos e a s possibl e i n eac h case) .  Thu s Recenc y prefer -
ence dominates ,  an d a  stron g recenc y effec t  i s jnedicte d 
betwee n succeedingl y les s recen t  attachmen t  sites . 

Thi s V P attachmen t  tes t  als o serve s t o distinguis h 
Predicat e Proximit y fro m a  primac y preferenc e princi -
ple ,  i n whic h th e earlies t  attachmen t  site s o f  a  give n 
categor y migh t  b e uniforml y favored .  Suc h a n ex]ilana -
tio n would  predic t  a  simila r  patter n o f  complexit y i n V P 
attachment s a s i n N P attachment s (VP3 ,  VP i ,  VP2) , 
and thu s coul d lea d t o a  partia l  collaps e o f  thes e attach -
ment  preference s wit h seria l  positio n effect s fro m th e 
short-ter m memor y literatur e (see ,  fo r  example ,  Mur -
dock ,  1962 ;  Tulving ,  1968 ;  an d th e reference s i n each) . 
The V P attachmen t  dat a i s therefor e importan t  fo r  dis -
tinguishin g thes e theories. ^ 

The corpus analyses 

Al l  instance s o f  eac h o f  th e thre e targe t  pattern s i n th e 
corpu s wer e obtaine d usin g program s develope d specifi -
call y fo r  thi s tas k b y th e secon d author .  Followin g Gib -
son &  Pearlmutte r  (1994) ,  w e the n hand-filtere d th e fol -
lowin g genera l  classe s o f  items ; 

1.  Phrase s tha t  wer e mis-parse d i n som e wa y i n th e Pen n 
Treebank. ^ 

2.  Item s i n whic h on e o f  th e thre e potentia l  site s wa s un -
likel y t o b e a n attachmen t  sit e fo r  principle d reasons , 
suc h as : 

(a )  Item s i n whic h on e o f  th e site s whic h wa s tagge d 
as a n N P wa s par t  o f  a  comple x ver b o r  idiomati c 
expression ,  suc h a s ?; )  sptt c of ,  i n connectio n with , 
or  I S contingen t  upon . 

*See also Gibson et al. (1993) for reasons from the pref-
erence s i n two-sit e ambiguitie s tha t  th e primac y explanatio n 
i s probabl y no t  correct . 

*I n a  fe w instance s (n o mor e tha n thre e pe r  analysi s set) , 
th e mis-pars e wa s suc h tha t  th e correcte d structur e wa.* ;  actu -
aUy a n instanc e o f  on e o f  th e othe r  attachment s i n q\iestion . 
Such instance s wer e no t  filtered:  the y wer e include d i n thei r 
appropriat e sit e counts . 

(b )  Item s i n whic h an y o f  th e prospectiv e attachmen t 
site s wa s par t  o f  a  comple x prope r  nam e tha t  in -
clude s a t  leas t  on e prepositiona l  phrase ,  suc h a s th e 
Stat e Universit y o f  N e w Yor k am d Committe e fo r  th e 
Scientifi c  Branc h o f  th e Paranormal . 

(c) Items in which one of the NP sites was a quanti-
fier  suc h a s on e o f  o r  som e of ,  whic h ar e unlikel y 
attachmen t  sites . 

(d) Items in which the presence of intervening punctu-
atio n suc h a s quotatio n mark s o r  dashe s mad e a t 
leas t  on e o f  th e attachmen t  site s les s likely . 

3.  Item s i n whic h th e attachin g ite m (PP ,  S B A R ,  o r 
A d v P )  i s strongl y preferre d t o attac h t o on e o f  th e 
thre e prospectiv e site s b y reason s o f  argumen t  struc -
tur e o r  lexica l  preferences .  I t  i s  well-know n tha t  argu -
ment  attachmen t  ar e generall y preferre d ove r  modifie r 
attachments ,  ofte n eve n i n case s i n whic h recenc y fa -
vor s th e non-argumen t  attachment .  Fo r  example ,  Fra -
zier' s (1978 ,  1987 )  Minima l  Attachmen t  principl e fa -
vor s argumen t  attachment s ove r  modifie r  attachment s 
becau.s e argumen t  attachment s involv e fewe r  phras e 
structur e nodes .  Thu s onl y case s involvin g potentia l 
modifie r  attachment s ar e considere d here .  Example s 
of  prepositiona l  argument s o f  N P s tha t  hav e bee n fil-
tere d her e includ e resignatio n from ,  reductio n of ,  an d 
hear t  of . 

4. Items in which the attaching item could attach in more 
tiia n on e locatio n withou t  distinguishabl e difference s 
i n meanin g (cf .  Hobb s &  Bear ,  1990 ;  Hindl e < k Rooth , 
1993) . 

Preposit iona l  ph ras e a t t a c h m e n t  t o thre e 
N P site s 

I n orde r  t o replicat e th e wor k o f  Gibso n &  Pearlmutte r 
(1994 )  i n th e Wal l  Stree t  Journa l  corpus ,  w e collecte d 
al l  pattern s matchin g (2 )  an d filtered  thes e accordin g 
t o th e step s liste d above .  Example s o f  th e remainin g 
attachment s ar e give n i n (4) ,  on e fo r  eac h o f  th e possibl e 
attachmen t  sites : 

(4) a. NPi: [^p, the introduction of [^rPa a major new 
famil y o f  [yvp ,  computer s [pp ,  i n Apri l  ] 

b.  NPo :  [nP i  shareholde r  suppor t  fo r  [̂ rp j  a  sal e t o 
[iVP; ,  a  labor-managemen t  grou p [pp ^  a t  th e las t 
pric e discusse d b y tha t  grou p ] 

c.  NP3 :  [yvp ,  potentia l  problem s wit h [np ^  th e con -
structio n o f  [;vf 3 tw o bi g cruis e ship s [pp ^  fro m 
Finlan d ] 

After all of the less relevant items had been removed, 
88 matchin g instance s remained ,  al l  o f  whic h involve d 
unambiguou s attachmen t  o f  a  modifyin g P P t o on e o f 
th e thre e prospectiv e N P sites .  Th e breakdow n o f  thes e 
88 item s b y attachmen t  sit e i s presente d i n Tabl e 2 . 
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Tabl e 2 :  Unambiguou s PP 3 attachment s (modifier s 
only) . 

Attachmen t  Sit e 

N FT 
NPa 
NP3 

Number  o f  Token s 
(Percentage ) 

20(23% ) 

Total s 

10(11% ) 
58 (66% ) 

88 (100% ) 

When compare d wit h th e dat a i n Tabl e 1 ,  i t  seem s 
cleai r  tha t  w e hav e a  ver y simila r  patter n o f  attachmen t 
preference s here .  Statistic s confir m thes e intuitions .  A 
X^  analysi s includin g al l  thre e attachmen t  type s reveal s 
a significan t  effec t  (x (̂2 )  =  43.73 ,  p  <  .001) .  Fur -
thermore ,  attachment s t o NP 3 ar e th e mos t  frequen t 
(vs .  NPi :  x (̂l )  =  17.55 ,  p  <  .001 ;  vs .  NPj ;  x (̂l )  = 
32.48 ,  p  <  .001) ,  an d attachment s t o NP i  ar e marginall y 
more frequen t  tha n attachment s t o NP o (x (̂l )  =  2.70 , 
p =  .10) .  Thu s th e Wal l  Stree t  Journa l  corpu s analy -
si s provide s a n additiona l  confirmatio n o f  th e complexit y 
orderin g NP3 ,  NPi ,  NP 2 predicte d b y th e theor y o f  Re -
cenc y Preferenc e an d Predicat e Proximity ,  an d observe d 
earlie r  b y Gibso n &  Pearlmutte r  i n th e Brow n corpus . 

Clause attachment to three NP sites 

Because the original behavioral experiments of Gibson et 
al .  (1993 )  teste d th e complexit y o f  a  relativ e claus e at -
tachmen t  rathe r  tha n a  prepositiona l  phras e attachmen t 
i n pattern s lik e (2) ,  i t  i s worthwhil e t o perfor m a  corpu s 
analysi s o n relativ e claus e attachment s i n orde r  t o ver -
if y tha t  ther e ar e n o unexpecte d differences .  Par t  o f  th e 
reaso n tha t  Gibso n &  Pearlmutte r  (1994 )  di d no t  ana -
lyz e relativ e claus e attachment s wa s tha t  case s o f  suc h 
attachment s ar e har d t o identif y i n a n unparse d corpus . 
Sinc e th e corpu s tha t  w e ar e analyzin g her e i s parsed , 
th e appropriat e pattern s wer e relativel y eas y t o identify . 

Becaus e relativ e clause s ar e no t  tagge d differentl y 
fro m othe r  modifyin g clause s i n th e Pen n Treeban k cor -
pus ,  ou r  analyse s includ e al l  modifyin g clauses .  Further -
more ,  becaus e som e relativ e clause s wer e tagge d wit h th e 
categor y S E A R an d other s wit h th e categor y SBARQ, 
our  analysi s include s bot h suc h categories .  Al l  instance s 
matchin g th e genera l  patter n i n (2 )  wit h SBAR(Q )  a s 
th e attachin g ite m wer e gathere d an d w e the n hand -
filtered  thi s se t  a s describe d above .  Example s o f  th e 
remainin g 8 8 item s ar e a s follows : 

(5 )  a .  NPi :  [jvp ,  th e 2 0 % declin e i n [yvp ^  share s o f  [wp , 
th e ban k [sba r  sinc e th e firm  lowere d it s ratin g i n 
earl y Octobe r  1 

b.  NP2 :  [nP i  puDli c outrag e ove r  [jvP j  Mr .  Mack' s 
violen t  attac k o n [sP i  a  youn g woma n [sba r  whe n 
he wa s 1 9 year s ol d ] 

c.  NP3 :  [ffP i  th e cloa k o f  [fjp ^  outrag e a t  [wp ,  a 
war  [sta r  the y characterize d a s "immoral "  ] 

The breakdow n o f  attachment s o f  th e 8 8 SBAR(Q ) 
attachment s ar e give n i n Tabl e 3 . 

Table 3: Unambiguous SBAR and SBARQ attachments 
(modifier s only) . 

Attachment Site Number of Tokens 
(Percentage ) 

WFi  7(8% ) 
NP2 
NP3 

Total s 

2 (2% ) 
79 (90% ) 

88 (100% ) 

^AU x ^  test s wit h exactl y on e degre e o f  freedo m i n thi s 
paper  hav e Yates '  correctio n fo r  continuit y applie d (Hays , 
1988) . 

Thi s patter n i s quit e simila r  t o th e complexit y rank -
ing s observe d earlier .  First ,  ther e i s obviousl y a n effec t 
of  attachmen t  sit e (x (̂2 )  =  126.57 ,  p  <  .001) .  Further -
more ,  attachment s t o th e mos t  recen t  sit e NP 3 ar e mor e 
common tha n t o eithe r  NP i  (x (̂l )  =  58.62 ,  p  <  .001 ) 
or  NP 2 (x (̂l )  =  71.30 ,  p  <  .001) .  Althoug h attach -
ment s t o NP i  ar e numericall y mor e common tha n thos e 
t o NP2 ,  thi s differenc e i s no t  significant ,  probabl y be -
caus e ou r  sampl e siz e i s no t  larg e enoug h ye t  t o observ e 
thi s difference .  Note ,  however ,  tha t  th e differenc e i s i n 
th e predicte d directio n an d w e thu s hav e additiona l  sup -
por t  fo r  th e complexit y rankin g o f  NP3 ,  NPi ,  NP2 ,  whic h 
i s predicte d b y th e Recency/Predicat e Proximit y theory . 

Although the distributions of PP attachments and 
SBAR(Q)  attachment s hav e th e sam e genera l  preferenc e 
orderin g amon g th e sites ,  th e tw o distribution s ar e no t 
identica l  {x {̂2 )  =  14.81 ,  p  <  .001) .  Th e tendenc y t o at -
tac h lo w i n SBAR(Q )  attachmen t  ambiguitie s seem s t o 
be stronge r  (90% )  tha n i n P P attachmen t  ambiguitie s 
(66%) .  W e d o no t  ye t  kno w th e caus e o f  thi s difference , 
so w e leav e thi s issu e fo r  futur e work . 

Adverbia l  at tachmen t  t o thre e V P site s 

A crucia l  tes t  o f  th e Recency/Predicat e Proximit y the -
or y come s fro m attachment s t o succeedin g V P sites . 
Unlik e th e predictio n i n multipl e N P sites ,  th e Re -
cency/Predicat e Proximit y theor y predict s a  preferenc e 
orderin g whic h obey s stric t  recenc y i n V P attachments , 
becaus e Predicat e Proximit y i s factore d ou t  i n suc h in -
stances .  I n contrast ,  a  theor y whic h explain s th e N P 
attachmen t  patter n i n term s o f  a  competin g preferenc e 
fo r  th e earlies t  availabl e attachmen t  sit e predict s a  pref -
erenc e orderin g i n VP s whic h i s th e sam e a s i n NPs , 
i.e. ,  VP3 ,  VPi ,  VP2 .  I n orde r  t o tes t  thes e competin g 
hypotheses ,  w e extracte d al l  sentence s wit h thre e con -
secutiv e VP s an d a  followin g adverbia l  modifie r  tagge d 
A D V P,  whic h wa s a  prospectiv e modifie r  fo r  eac h o f  th e 
thre e V P sites .  A s above ,  w e filtered  item s tha t  coul d 
ambiguousl y attac h withou t  a  noticeabl e differenc e i n 
meaning ,  a s wel l  a s al l  argumen t  attachment s (e.̂ . ,  man y 
particle s ar e tagge d a s adverb s i n th e Pen n Treebank) , 
idiomati c expression s an d mis-parsings .  Th e breakdow n 
of  th e remainin g 9 5 item s i s presente d i n Tabl e 4 ,  wit h 
an exampl e o f  eac h attachmen t  first. 
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(6 )  a .  VPi :  N o applicabl e example s i n th e corpu s 
b.  VP2 :  Compose r  Mar c Marde r  .. .  ha s [j/p ,  pre -

pare d a n exciting ,  eclecti c scor e tha t  [vp ^  tell s  yo u 
what  th e character s ar e [vp ^  thinkin g an d ffcling] ] 
Udt P fa r  mor e precisel y tha n intertitles ,  o r  eve n 
words ,  would .  ] ] 

c.  VP3 :  Texac o Inc .  [vp ,  reporte d a n 11 % increas e 
i n third-quarte r  earnings ,  whic h i t  [vp j  attribute d 
partl y t o th e company' s massiv e restructurin g af -
te r  i t  [vp ,  emerge d fro m bankruptcy-la w proceed -
ings ]  [acIv P 1 8 month s ago .  ]  ] ] 

Table 4: Unambiguous adverbial attachments to VPs 
(modifier s only) . 

Attachmen t  Sit e 

VPi 
VP2 
VP3 

Total s 

N u m b er  o f  Token s 
(Percentage ) 

0 (0.0% ) 
8 (8.4% ) 

87(91.6% ) 
95 (100%. ) 

These result s provid e clea r  evidenc e i n favo r  o f  th e 
Predicat e Proximit y theor y ove r  th e primac y theory . 
Ther e i s a  mai n effec t  o f  attachmen t  sit e (x'"(2 )  =  146.04 , 
p <  .001) ,  wit h VP 3 attachment s muc h th e mos t  fre -
quent  (vs .  VPi :  x (̂l )  =  85.01 ,  p  <  .001 ;  vs .  YPj : 
X (̂l )  =  64.04 ,  p  <  .001) .  Furthermore ,  VP 2 attach -
ments ar e muc h mor e frequen t  tha n VP i  attachment s 
(X (̂l )  =  6.13 ,  p  =  .01) ,  a s predicte d b y th e Predicat e 
Proximit y theory ,  bu t  no t  b y th e primac y theory .  Thu s 
we hav e strikin g evidenc e i n favo r  o f  th e independentl y 
motivate d Recency/Predicat e Proximit y theory . 

Summary and conclusions 

The thre e corpu s analysi s test s o f  th e Recenc y Prefer -
ence/Predicat e Proximit y theor y strongl y suppor t  thi s 
theory .  First ,  i t  wa s foun d tha t  attachment s t o th e mos t 
recen t  o f  thre e site s o f  th e sam e categor y (N P o r  VP ) 
ar e muc h mor e common tha n attachment s t o les s recen t 
sites .  Second ,  i t  wa s foun d tha t  th e leas t  recen t  sit e i s 
preferre d ove r  intermediat e site s whe n th e categor y o f 
th e sit e i s a n NP ,  a s predicte d b y tli e Recency/Predicat e 
Proximit y theory .  An d third ,  an d mos t  strikingly ,  i t  wa s 
foun d tha t  attachmen t  preference s t o V P site s d o no t  fol -
lo w th e sam e patter n a s observe d i n N P sites ,  bu t  rathe r 
the y follo w a  stric t  recenc y preference ,  wit h mor e recen t 
site s preferre d ove r  mor e distan t  ones .  Tlii s  resul t  i s  jus t 
as predicte d b y th e Recency/Predicat e Proximit y the -
ory ,  an d disconfirm s a  potentia l  explanatio n o f  th e dat a 
i n term s o f  primacy . 

Acknowledgements 

We woul d lik e t o than k Do n Mitchell ,  Nea l  Pearlmutter , 
and thre e anonymou s reviewer s fo r  thei r  comment s o n 
an earlie r  draf t  o f  thi s work . 

References 

Abney,  S.P .  (1989) .  A  computationa l  mode l  o f  huma n 
parsing .  Journa l  o f  PsychoUnguisti c Research ,  18 , 
129-144 . 

Bowers ,  J .  (1993) .  Th e synta x o f  predication .  Linguisti c 
Inquiry ,  24 ,  591-656 . 

Cuetos ,  F .  &  Mitchell ,  D.C .  (1988) .  Cross-linguisti c dif -
ference s i n parsing :  Restriction s o n th e us e o f  th e Lat e 
Closur e strateg y i n Spanish .  Cognition ,  30 ,  73-105 . 

Ford ,  M. ,  Bresnan ,  J. ,  k  Kaplan ,  R .  (1982) .  A 
competence-bfise d theor y o f  syntacti c closure .  I n 
J.  Bresna n (Ed.) ,  Th e menta l  representatio n o f  gram -
matica l  relation s (pp .  729-796) .  Cambridge ,  M A :  M I T 
Press . 

Frazier ,  L .  (1978) .  O n comprehendin g sentences :  Syn -
tacti c parsin g strategies .  Unpublishe d doctora l  disser -
tation .  Storrs ,  CT :  Universit y o f  Connecticut . 

Frazier ,  L .  (1987) .  Sentenc e processing :  A  tutoria l  re -
view .  I n M .  Colthear t  (Ed.) ,  Attentio n an d perfor -
mance XII ,  (pp .  559-586) .  Hillsdale ,  NJ :  Lawrenc e 
Erlbau m Associates . 

Frazier ,  L .  (1990) .  Parsin g modifiers :  Specia l  pur -
pose routine s i n th e huma n sentenc e processin g mech -
anism ? I n D.A .  Balota ,  G.B .  Flore s d'Arcai s & 
K.  Rayne r  (Eds.) ,  Comprehensio n processe s i n read -
ing ,  (pp .  303-330) .  Hillsdale ,  NJ :  Lawrenc e Erlbau m 
Associates . 

Frazier ,  L. ,  k  Fodor ,  J.D .  (1978) .  Th e sausag e machine : 
A ne w two-stag e parsin g model .  Cognition ,  6 ,  291-325 . 

Gibson ,  E .  (1991) .  A  computationa l  theor y o f  huma n 
linguisti c processing :  Memor y limitation s an d process -
in g breakdown .  Unpublishe d doctora l  dissertation . 
Pittsburgh ,  PA ;  Carnegi e Mello n University . 

Gibson ,  E .  k  Pearlmutter ,  N .  (1994) .  A  corpus-base d 
analysi s o f  psycholinguisti c constraint s o n preposi -
tiona l  phreis e attachment .  I n C .  Clifto n Jr. ,  L .  Frazier , 
k K .  Rayne r  (Eds. )  Perspective s i n Sentenc e Process -
in g (pp .  181-198) .  Hillsdale ,  NJ :  Lawrenc e Erlbau m 
Associates . 

Gibson ,  E. ,  Pearlmutter ,  N. ,  Canseco-Gonzalez ,  E. , 
k Hickok ,  G .  (1993) .  Cross-linguisti c attachmen t 
preferences :  Evidenc e fro m Englis h an d Spanish . 
Manuscript .  Cambridge ,  M A :  Massachusett s Institut e 
of  Technology . 

Hays,  W .  (1988) .  Statistic s (4t h ed.) .  Orlando ,  FL :  Holt , 
Rinehar t  an d Winston . 

Hindle ,  D .  k  Rooth ,  M .  (1993) .  Structura l  ambiguit y 
and lexica l  relations .  Computationa l  Linguistics ,  19 , 
103-120 . 

Hobbs,  J.R .  k  Bear ,  J .  (1990) .  Tw o principle s o f 
pars e preference .  Proceeding s o f  th e Thirteent h In -
ternationa l  Conferenc e o n Computationa l  Linguistic s 
(vol .  3 ,  pp .  162-167) .  Helsinki :  Universit y o f  Helsinki . 

Kimball ,  J .  (1973) .  Seve n principle s o f  surfac e structur e 
parsin g i n natura l  language .  Cognition ,  2 ,  15-47 . 

Kucera ,  H .  k  Francis ,  W.N .  (1967) .  Computationa l 
analysi s o f  presen t  da y America n English .  Providence , 
RI :  Brow n Universit y Press . 

Milsark ,  G.L .  (1983) .  O n lengt h an d structur e i n sen -
tenc e parsing .  Cognition ,  13 ,  129-134 . 



Mitchell ,  D.C .  k  Cuetos ,  F .  (1991) .  Th e origin s o f  pars -
in g strategies .  I n C .  Smit h (Ed.) ,  Conferenc e pro -
ceedings :  Curren t  issue s i n natura l  languag e process -
in g (pp .  1-12) .  Austin ,  TX :  Universit y o f  Texa s a t 
Austin . 

Murdock ,  B. ,  Jr .  (1962) .  Th e seria l  positio n effec t  o f 
fre e recall .  Journa l  o f  Experimenta l  Psychology ,  64 , 
482-488 . 

Pritchett ,  B .  (1988) .  Garde n pat h phenomen a an d th e 
grammatica l  basi s o f  languag e processing .  Language , 
64,  539-576 . 

Schubert ,  L.K .  (1984) .  O n parsin g preferences .  Proceed -
ing s o f  th e Tent h Internationa l  Conferenc e o n Com-
putationa l  Linguistic s (pp .  247-250) . 

Taraban ,  R .  k  McClelland ,  J.R .  (1988) .  Constituen t 
attachmen t  an d themati c rol e assignmen t  i n sentenc e 
processing :  Influence s o f  content-base d expectations . 
Journa l  o f  Memor y an d Language ,  27 ,  597-632 . 

Tulving ,  E .  (1968) .  Theoretica l  issue s i n fre e recall .  I n 
T.R .  Dixo n k  D.L .  Horto n (Eds.) ,  Verba l  behavio r  an d 
genera l  behavio r  theor y (pp .  2-36) .  Englewoo d Cliffs , 
NJ:  Prentice-Hall . 

Whittemore ,  G. ,  Ferrara ,  K. ,  k  Brunner ,  H .  (1990) .  Em-
pirica l  stud y o f  predictiv e power s o f  simpl e attachmen t 
schemes fo r  post-modifie r  prepositiona l  phrases .  Pro -
ceeding s o f  th e 28t h Annua l  Meetin g o f  th e Associatio n 
fo r  Computationa l  Linguistic s (pp .  23-30) . 

Wilks ,  Y. ,  Huang ,  X. ,  k  Fass ,  D .  (1985) .  Syntacti c pref -
erenc e an d Righ t  Attachment .  Proceeding s o f  th e In -
ternationa l  Join t  Conferenc e o n Artificia l  Intelligenc e 
1985 (pp .  779-784) . 

Woods,  W.A .  (1973) .  A n experimenta l  parsin g syste m 
fo r  transitio n networ k grammars .  I n R .  Rusti n (Ed.) , 
Natura l  languag e processin g {\>̂ .  111-154) .  Ne w York , 
NY:  Algorithmic s Press . 

362 


	cogsci_1994_357-362



